ABSTRACT ways in education. In this article an overview is given of a number of categories of computer communications applications in learning-related activities. Particular attention is given to a new type of system called a course-support environment.
MOBILE CODE AND APPLETS
convergence On the IP (Internet) and HTTP (hypertext transfer) protocols which Web environments has been a powerful breakthrough in terms of stimulating the use of compute r communications applications in mainstream education, utility has been substantially heightened through the intro-T h e term tele-learning is used by I different persons in different ways. Some take it as synonymous with distance education, and thus assume that it means a course situation in which the instructor is at one location and the learners at another, with their only form of communication via technology. In some situations this form is most typically one-way video with some sort of backward channel for questions. In other situations this contact is predominantly asynchronous, via e-mail, computer conferencing, o r a Web environment. Others use the term tele-learning more metaphorically, to capture the sense of being part of a global community of learners or a virtual learning community. In this article the use of the term is more precise. Tele-learning is used here as a general term to refer to the use of computer communications for learning-related purposes [l] . Thus, a team of students working collaboratively on a project in a single location could make productive use of a groupware or shared-workspace application, and thus be participating in a form of computer-communications-supported learning, without physical distance or even temporal distance being involved.
CATEGORIES OF COMPUTER COMMUNICATIONS FOR

LEARNING-RELATED PURPOSES
What are examples of types of computer communications being used for learning-related purposes? A categorization could occur in many ways and with many overlaps. Table 1 gives one nonexhaustive inventory.
The examples in Table 1 identlfy types of computer communications applications grouped around five main categories relating to the purpose of the application. This approach emphasizes the functionalities of the computer communications applications: what the user can do with them. These functionalities partially determine the utility of the applications: the extent to which the functionalities match the desires of the users for the intended tasks. Certain technical developments are enhancing both the usability and utility of computer communications applications for educational purposes. Mobile code and applets, new developments in handling asynchronous video, and databasegenerated Web environments are three main examples.
82
0163-6804/99/$10.00 0 1999 IEEE duction of browsers which support mobile c o d e , programs that can be transmitted across a network and executed on the receiving computer. Most important for educational situations is the fact that such mobile code now allows interactivity and, increasingly, more and more of the benefits of traditional educational software within a distributed, platform-independent situation. The development of programming languages to produce such mobile code is a major breakthrough in the educational potential of computer communications. Java, developed by Sun Microsystems, is perhaps the best-known mobile code. Units of Java mobile code are called applets. Java-enabled browsers incorporate the Java runtime system which provides functionality t o the applets. Such applets in an educational context allow, among other things, instructional animations, interactive quiz and tutorial systems, and simulations, and support the manipulation of multimedia (e.g., [3] , and also the Gamelan Web site,' the official directory for educationally oriented Java applets.) Hundreds of applets are available for downloading at this site; for example, supporting engineering education alone there are more than 100 registered, with topics such as the demonstration of computational fluid dynamics, the provision of an environment for the building and testing of digital circuits, the investigation of the mechanical design of various structures, and simulations of various sorts such as Reed and Afjeh's gas turbine.
ASYNCHRONOUS AND STREAMING VIDEO
In addition to mobile code, another important technical development affecting the future of computer communications in education relates to the compression, storage on a video server, and streaming of audio and video over networks, particularly video on demand within Web sites where the video and audio material has been naturally captured during a presentation or discussion and can be reused when desired as hyperlinked segments. These developments not only allow the synchronous reception of a presentation such as a lecture via 
DATABASE-GENERATED COURSE-SUPPORT ENVIRONMENTS
A third important technical development relating to computer communications in education involves the linking of a Webcompliant (i.e., accessible via a Web browser) user interface and Web-compliant tools and applets with an underlying database. Such systems support managed learning operations, presenting a tailored Web environment to the individual user based on the privileges associated with the user and information about the user maintained in the database (e.g., see the system used at the University of Twente via http://teletop.edte.
utwente.nl [6]).
In its simplest form, a course-support environment is a Web site that accompanies an existing course and contains some information about the course. More complex coursesupport environments offer some or many of the forms of support shown in Table 2 . The purpose of such sites is to increase the efficiency of aspects of course participation, enrich some aspects of course participation, and/or make some aspects of course participation more flexible to better meet the needs of individual students [2] .
With course-support environments, no one course needs to include all of the options shown in Table 2 . The instructor selects those options that relate to his or her own course and its situation. Course-support environments can be simple or complex pedagogically as well as technically. When a coursesupport site facilitates a substantially different learning experience from the course taught without the site, we say that pedagogical reengineering has occurred. Course-support sites can be created and maintained by the individual instructor, but increasingly such sites are maintained as part of an integrated system serving an entire department or faculty.
Many examples of integrated Web-based course-support environments can be mentioned in addition to the example at the University of Twente. A few examples from European universities follow. At Janus Pannonius University in Hungary, an integrated course-support site allows students convenient access to the MAPLE algebraic computing system and a variety of other study aids as well as pretests, lecture notes, mailboxes for communication, and other forms of interactive quizzes. At Robert Gordon University in the United Kingdom, the Web-based support site for a course in research methods brings together tools to use in research activities, links to external sites which provide databases and examples of survey research results, links to tutorials and additional study materials, search tools, and locally created study materials, which together form a "Web Resource Centre for Acquiring and Accessing Open Learning Materials on Research Methods (ReMOTE)." At the University of Barcelona a number of communication tools, such as a "Private area" and a "Public area," are integrated within a Web site to support an environmental education course. At the Technical University of Braunschweig, Germany, a course in advanced computer networks makes extensive use of an integrated Web-based support environment. At the University of Malaga, Spain, the problem of how to test students in courses requiring the use of a computer for the final test (e.g., computing courses), when there are not enough computers available and students must use computers in different parts of the campus is being solved by an intranet-based secure test system. At Vrije University, Amsterdam, students use Web-based "virtual learning environments" to support team learning, to be informed about course-related issues, to communicate with each other and the instructors, to publish their results, and for evaluation of their assignments.
The above examples focus on computer communications used within the traditional educational setting in order to enrich the learning experiences and make certain aspects of course participation more efficient and flexible. Flexibility can also allow the extension of traditional courses to nontraditional audiences, including those who could be described as dis-tance-education students. There are many cases in European, Canadian, and Australian universities where computer communications applications (involving Web-based platforms) allow flexible participation, including at a distance. Many traditional universities as well as established distance delivery universities now make use of computer communications applications and systems to serve students at a physical distance from the home university.
This overview has only begun to indicate the extent of computer communications use in education, and has not even mentioned the growing use in training situations? The point is clear: the educational sector is a major market for computer communications applications and services. Thus, the requirements of the educational market will be important for an 
STAFF ENGAGEMENT AND SUPPORT
As soon as the use of computer communications moves from the pioneer/special project phase to the institutionalization phase in an educational setting, a new set of critical issues arises. These issues have to do with convincing new users that change via the use of computer communications is of advantage to them personally, and that the time and effort it will take them to handle the change will not be unduly large. Hammond and Karran in the United Kingdom identify "lessons learned" about staff engagement, and indicate that "the crucial ingredient is the participation of staff at all levels in proposed development" [7, p. 2321. Such full-scale participation is hard to secure unless staff are sufficiently stimulated, usually by the central administration. But top-down change is notoriously difficult to carry out in university contexts, so the balance between sufficient administrative stimulation and too much for academic acceptance is delicate. Staff engagement, even when willingly occurring, takes time that many faculty feel to be excessive given their research-related responsibilities [8] . Also, many academics feel strongly that the ways they have always taught are in fact the appropriate ways to teach their own discipline; change for abstract reasons such as the future of the university does not weigh heavily enough to convince them to teach in what they feel will be an "inappropriate way" for their course and habits. Many different initiatives are occurring in traditional universities to deal with these issues involving staff engagement, most typically through centrally situated teaching and learning centers. One of many examples is that of the University of Genoa, where a Web environment is being built to assist instructors in making use of computer communications applications in their teaching [9] . These centers, however, generally only deal with those who volunteer for their services, thus missing the hardcore resistance confronted when an entire faculty must change. Also, such centers typically do not work in an integrated way with the computer services units; nor do their staffs, as persons trained in education, tend to be people well informed technically with respect to network issues. Thus, the computer communications engineer must learn to communicate appropriately with those from nontechnical backgrounds who may be dubious about the use of any form of computer communications.
I SSUES RELATED TO TECHNICAL INVESTMENTS
The majority of universities throughout the world have some sort of network infrastructure, and some sort of central service bureau for this infrastructure. Increasingly, in universities not in highly disadvantaged settings, most faculty members have some way to access the university network and also the Internet. There is usually some sort of computer laboratory for students, but the adequacy, both quantitive and qualitative, of access to such facilities differs widely among and within universities. It is increasingly likely that students have some sort of Internet access and their own e-mail accounts, although again this varies widely, from low percentages to 100 percent, both between and within universities. Thus, the majority of traditional universities are making investments in computer communications services and network connectivity. Schools and training centers are slower to move to networked status, and thus slower to make use of computer communications. However, regional and national plans are either in place or under development in many countries to provide Internet access to all schools or at least a selection of schools.3 However, as soon as the institution decides to become more proactive regarding computer communications use, serious and costly efforts must be made and continually upgraded. Also, issues with respect to the design, construction, and maintenance of the Web-based support environments becoming widespread in traditional universities are demanding considerable attention. Should a university build its own system, or license a system maintained by others? (See [lo] for an analysis). Should central decisions be made regarding licensing of, for example, groupware or workflow or intranet environments, or should the individual department or unit choose its own solution? What sort of access provisions should be offered to staff and students, on campus and off? Should partnerships be formed with data communication service providers or, as is increasingly happening in Europe, with regional cable companies? What quality of service level is adequate for different types of schools and educational settings? What are the bandwidth requirements? And, within the next few years, how can mobile computer communications (wireless or nomadic connectivity) be integrated into the infrastructure support in an organization?
Increasingly, institutions such as schools need to make informed decisions about network options, and about the migration of their previously local systems to systems integrated in intranet or extranet settings or directly connected to the Internet. Finding adequate support for informed decision making is a critical problem for many small institutions in the educational market. The computer communications engineer, often serving as a representative of a telecommunications service, will be called on to communicate with an audience who do not share his or her level of technical understanding, but need informed advice before making decisions about quality and type of service for their institutions.
DESIGNING FOR USABILITY
A different perspective on the application of computer communications for learning-related purposes relates to the user interface and human-computer interaction aspects. In these aspects it is not only what the user can do with the application that matters, but how he or she can handle the product. What does the user see on the screen? What needs to be done to make the software respond? Aspects such as these relate to the usability of the computer communications application. Nielsen defines main aspects of usability from the software engineering perspective as including [ll] : Learnability: how hard or easy it is for the user to figure out how to handle the software so that the desired utilities become available Retention: how easy it is, after some time away from the software, to be able to handle it Consistency: how careful the designer of the software was to maintain visual, metaphorical, textual, and usage patterns wherever one is in a software environment . Utility is a necessary but insufficient aspect; without adequate usability, even a computer communications application with high potential utility will not be likely to be used. Moonen calls this the difference between internal and external acceptability [14]: in theory, the product may have desirable utility. Its internal acceptability is high. However, in practice the intended user is not attracted to using the product: its external acceptability is low. Computer communications engineers must also have some understanding about the subjective aspects of user interface design, the psychology of the potential user, and the factors that influence the social climate in an institution with respect to innovations in teaching and learning, with or without computer communications.
CONCLUSION AND LOOKING TO THE FUTURE
The educational sector is becoming a major area for the application of computer communications. Although in many ways the needs of this sector are similar to those of other sectors, particularly in terms of affordability and reliability, there are differences to which computer communication engineers need to be sensitive. User interface and usability issues are extremely important. In education, the instructor will remain a critical decision maker in terms of if and how computer communications are used in a course. If the instructor is uncomfortable with the use of computer communications, helshe is not likely to persist in this use. Thus, user concerns and characteristics need to be carefully considered.
In terms of the needs of a critical mass of users, quality of service indicators relating to high-bandwidth applications such as videoconferencing are less important than indicators relating to secure connections to the database systems which are rapidly becoming integrated with Web-based course-support environments. Web environments supporting asynchronous access are and will continue to be in much broader use in education than situations involving real-time communication.
Access issues are particular barriers. The majority of classrooms and lecture halls still do not have fixed network connection points, thus limiting the natural use of Web-based resources during a presentation for demonstration or as examples. Mobile connectivity is likely to make a major difference in the use of Web-based resources in actual presentation settings. Also, the need to quickly log into a Web-based coursesupport site, upload and download files, check for course updates, and handle some brief communication is escalating now that such sites are increasingly in use in higher education. Again, mobile computing will make a substantial difference in facilitating this access. However, many technical issues must be solved before such mobile access can be as straightforward for the user as mobile voice communications has become. Particular issues for the engineer relate to protocols and data formats for transmitting to mobile devices, markup languages appropriate for low-bandwidth wireless environments, capability negotiation when signals must move through different network situations, document filtering, and quality of service selection. Middleware support will be critical in ensuring the effective fit of protocols and data formats, but to do so must consider the requirements of evolving applications, the limitations of mobile devices, and the capabilities of wireless network technologies.
The educational sector is large; as computer communications become firmly established within this sector, a trend that is well underway, the engineer will need to become familiar with its specific characteristics and the factors within it that most influence the success or failure of computer communications use.
